Introduction
Electron collisions with CH4 have been studied by many people for the following reasons. Methane is an important constituent of the atmospheres of the outer planets (Atreya 1986). It is one of the key trace elements which could change the upper atmosphere of the earth (Roble and Dickinson 1989) . Recently methane has been of interest for plasma processing, particularly for deposition processes (Morgan 1992) . It also plays a role in edge plasmas of fusion devices (Tawara et a1 1992) . Theoretically methane is interesting because it is a simple but typical hydrocarbon molecule.
Elastic cross sections for e+CH4 collisions have been calculated by a number of authors (see McNaughten et af 1990, Lengsfield et all991 and references therein). Most of the calcnlations, however, are concentrated in the region of electron energy below IOeV, particularly in the region of the Ramsauer-Townsend minimum at around 0.3 eV. It has been generally believed that, for collision energy above IO eV, the scattering is determined by a simple model of spherical interaction potential.
Electron elastic cross section has been measured several times for C b (e.g. Shyn and Cravens 1990, Boesten and Tanaka 1991) . Agreement among the differential cross sections (DCS) obtained by different authors is fairly good. The integral elastic cross sections (Q) and the momentum-transfer cross sections (Q,) derived from different experimental DCS are not necessarily in agreement with each other. Furthermore those values of Q and Q,,, are sometimes inconsistent with the total scattering cross sections (eT) obtained with an attenuation measurement and the e,,, deduced from a swarm analysis, respectively. This inconsistency is mainly due to the difficulty in extrapolating the measured DCS to the forward and back directions. In this respect, it is very helpful to produce reliable DCS theoretically.
In the present paper, cross sections for elastic scattering (more strictly, vibrationally elastic scattering, because it is difficult to experimentally resolve rotational transitions) of electrons from CH4 are calculated in the energy region 10-50 eV. The target molecule is described by an ab initio multicentred wavefunction and account is taken of the effect of electron exchange and target polarization. T h e resulting DCS, and the Q and Qm calculated therefrom, are compared with measurements. By comparing with the spherical potential model, the effect of the anisotropy of the target is made clear.
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Theory
Scattering of electrons from methane molecules is considered in the fixed-nuclei approximation. The present method of calculation is the same as that used previously for water molecules (Okamoto et al 1993) . A general description of the theory is given in the previous paper.
In brief, the interaction between an electron and the methane molecule is represented by a local potential V(r). It consists of three terms, i.e., the electrostatic (V"), electron exchange (P) and target polarization (V") potentials. v" is obtained from the target charge density in a standard manner. V" is taken to be the Hara version of the freeelectron gas model (Hara 1967) . For VP', we adopt the correlation-polarization potential proposed by Padial and Norcross (1984) , which has an asymptotic part in the form -a0/(2r4) with a. being the static polarizability of methane. To properly consider the molecular symmetry, the potential is expanded in terms of the symmetry-adapted angular basis functions (SAFS) V(r) = V~,(r)xXfi).
(1) 
and (L, L, L) with L = R / f i , R being the equilibrium C-H distance. Here R is taken to be 2.0541 au (Hirota 1979 ).
After testing a number of basis sets, we have chosen the one proposed by Lie and Clementi (1974) for the present calculation. It is comprised of 105 primitive Gaussians contracted to 75 basis functions. For carbon, the primitive set (13s8p2d) is contracted to [7ylp2d] and for hydrogen, (8s2p) to [5s2p] . The total energy given by this wavefunction is -40.2155 au. The octupole and the hexadecapole moments obtained are, respectively, 2.40 au and -7.58 au. From the target wavefunction, the electron density is calculated for the evaluation of the interaction potential. For the asymptotic part of the polarization potential, theexperimental value of the static polarizability (Q= 17.97au; Buckingham and Orr 1969 ) is adopted.
In the expansion of the potential (equation (I)), we retain the terms up to 1=8. To obtain the SAFS for the T d symmetry, use is made of an algorithm proposed by Fox and his colleagues Ozier 1970, Fox and Krohn 1977) . The coupled equations (3) are solved with inclusion of partial waves up to 1=8 for 10-2OeV and I=9 for 30 and 50 eV. For partial waves higher than this, the polarized Born approximation is used to obtain the relevant elements of the T matrix. As mentioned in the introduction, a spherical-potential model is often used to calculate the elastic cross section for CHI, especially in the region of energy above IO eV.
To test the model, we retain only the term with A= 0 in equation (1) and calculate DCS. The resulting DCS are also shown in the figures. The DCS of the spherical model are not much different from those obtained with the real anisotropic potential, except in the region of the minimum at around 100". At the minimum of the DCS, however, the anisotropy of the potential is indispensable to reproduce the experimental data. At 50eV, the calculation with the spherical potential seems in better accord with the experiment than the calculation taking anisotropy into account. In this case, however, electronically inelastic processes would have a significant effect on the calculation of the elastic cross section. That effect could reduce the cross section with the anisotropic potential to result in agreement with the experiment (Jain 1986 Experimental data obtained by Boesten and Tanaka (1991) .
Recommended values by Kanik el a/ (1993). it should be noted first that the present Q is consistent with the best data on &, while the calculation by McNaughten et al gives Q larger than QT. This reflects the difference in the DCS of the two calculations mentioned in the previous subsection, In this case, the two sets ofexperimental values of Q are in fair agreement with each other. Our values of Q do not much differ from the experimental data.
Integral and tnnomentum-lransfer cross secfions
The present result of the momentum-transfer cross section (e,,,) is compared in Finally it is worth comparing the present calculation with that of Gianturco and his colleagues (Gianturco et a1 1987, Gianturco and Scialla 1987) . In their calculation, they followed a procedure very similar to ours, but they concentrated mainly on the lower energy region (i.e. C20eV). They calculated integral elastic cross sections, Q, with using several different models of exchange potential. Their values of Q calculated with the model exchange potential of Hara are read from their figure to be 2 1 . 2~ 10-'6cm2 and 17.7x 10-"cm2 at IO and 20eV, respectively. These values can be compared with the present calculation (table I) and the agreement is good. The only difference in the two calculations is the target wavefunction employed. Gianturco's group used a one-centre SCF wavefunction, while the present calculation is based on a multicentred one. From the above comparison, we can conclude that the two functions give almost the same (integral) cross section, at least at energies 10-20 eV. It should be mentioned, however, that the wavefunction of Gianturco et a1 produces quite a large octupole moment (3.46 au; Gianturco and Thompson 1976) , compared with the present (2.40 au) or other scF-type wavefunctions (see, for example, Diercksen and Sadlej 1985) . This may affect the angular distribution of the scattered electrons. It is not possible, however, to compare DCS, because no corresponding DCS was reported by Gianturco. (Gianturco et a1 (1987) shows DCS at 10 eV, but based on another model of exchange potential.) No momentum-transfer cross sections are available either for comparison.
After testing several different models of the exchange potential, Gianturco and Scialla ( I 987) concluded to recommend the modified semiclassical exchange approximation (MSCE) for use. Their cross section with the MSCE is somewhat larger than the present or their cross section obtained with the Hara model. When compared with the total scattering cross section & (table I) 
Conclusion
In the present paper, differential cross sections (DCS) have been calculated for the elastic scattering of electrons from CH4. The calculation is based on an ab initio electrostatic potential taking account of electron exchange and target polarization. The DCS calculated at 10-50 eV of the collision energy are in generally good agreement with the results of recent measurements. Comparing with the DCS obtained in a spherical-potential model, the validity of the latter model was tested. The model was found to give a cross section not much different from that obtained taking anisotropy into account. The only exception is the minimum of DCS at around 100". The sphericaI model gives too deep a minimum.
From the present DCS, a calculation was made of integral (Q) and momentumtransfer (em) cross sections. The integral cross section obtained is consistent with the total scattering cross section recommended by Kanik et a1 (1993) . The present Qm is very close to the value determined from a recent swarm analysis. The cross sections Q and Qm obtained from experimental DCS often have some uncertainty due to the necessary extrapolation to the forward and backward directions. The present calculation would be helpful in delineating the uncertainty inherent in the experimental data of Q and Qm.
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